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Abstract 
The steady-state electromagnetic forces performing at the stator give up-winding in a multi-
phase induction gadget at some point of the operation; we conducted a 3-D electromagnetic 
and mechanical sequential coupling evaluation to research the strain and the deformation. 
Both of them are finished through the finite-detail method. In the meantime, the geometry of 
the nose portion is changed for the limited pc sources. The result indicates the nostril a part 
of the coil ends studies large displacement, but von Mises stresses are large within the 
immediately element. 
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PRESENTATION 
Multi-segment induction automobiles have 
many blessings over conventional 3-phase 
pressure which includes excessive energy 
dealing with functionality with the aid of 
dividing the required power among more 
than one phase, decreasing torque 
pulsations and higher reliability [1]. 
Specifically, not like in a 3 phase drive, 
the lack of stator section does not have an 
effect on the system on starting and 
operation. it's miles broadly utilized in 
deliver propulsion, traction (inclusive of 
electric and hybrid electric vehicles) and 
the idea of “greater-electric powered” 
aircraft [2]. 
 
Like other large radial-flux rotating 
electric powered machines, multi-phase 
asynchronous motors may experience 
vibrations and deformations due to the 
electromagnetic forces on the quit 
windings underneath constant nation or 
fault situations. Long-term stop-winding 
vibrations might cause untimely winding 
failure [3], together with the degradation 
of the insulation integration and the steel 
fatigue of the materials [4].specifically, the 
quick circuit current can be oftentimes 
larger than the rated current, so the 
electromagnetic forces are larger, that 
could worsen the harm to the cease 
winding. As a result, aid systems are 
significantly needed. but, an excessive 
amount of support can be an costly 
answer, and similarly it affects the cooling 
of the end-winding and the mechanical 
residences (herbal frequencies and mode 
shapes) of the give up vicinity. As a result, 
it is of significance to model the cease-
winding vibrations to locate finest guide 
systems. Most previous studies are 
dedicated to large turbo generators with 
comparable help structures and coil ends 
[5-9], and also approximately the 
monitoring of the lengthy-time period quit-
wind vibrations [10-14]. Commonly, the 
strength of the induction motors is usually 
several MW-level, at the same time as 
huge synchronous turbines have numerous 
hundred MVA-level capacities, for that 
reason the guide systems between them are 
normally exclusive. Recently, a few 
research also are worried approximately 
the vibrations in massive induction motors 
[15]. Multi-section asynchronous device is 
one type of a specific induction machine. 
but, such a take a look at of the end 
winding vibrations in multi-segment 
induction gadget with the power of which 
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is bigger than 10MW has no longer been 
mentioned but in this paper, a three-D 
magnetostructural coupling area evaluation 
on the give up winding of a 10MW multi-
section squirrel-cage induction device is 
accomplished [16],[17]. Finite element 
method (FEM) becomes used to get the 
magnetic forces as well as the correspondi
ng von Mises stresses and the deformation.  
 
Modeling and reading technique for end 
Winding pressure 
In small induction machines, the stator 
winding is often made of many small 
copper wires. But in huge induction 
machines, copper strips are used to 
replacement small copper wires to make 
the winding greater regular and 
comfortable. We proposed a three-D stop 
location of a multi-phase squirrel-cage 
induction system with a diamond winding. 
Table I is the principle parameters of the 
device. If you want to reduce calculation 
time, in preference to time-stepping 
formulations, time harmonic formulations 
are utilized. 
 
Table1. Essential specifications of check system 
 
 
Three-D Electromagnetic version 
The three-D electromagnetic field model 
includes the quit windings, air location, 
give up protect and body. The analysis 
version for the quit winding in detail is 
shown in figure 1. This text focuses on the 
impact of electromagnetic force of the 
stator quit shape, so although it is a 1- pole 
motor, it isn't suitable for the semi-cycle 
model (1/2 of periodic boundary 
situations). because quit windings at the 
semiperiodic boundary can’t be processed, 
and may’t take into account the interplay 
among the entire end winding. To this 
stop, a three-D complete version is 
significantly wanted.  
 
The three-D complete version carries a 
problem that the calculation quantity is 
just too big. The geometry of the nose 
component marked by way of pink shade 
is a small area of excessive curvature and 
sharp corners, as shown in Figure1a. it 
might cause fault of the meshing. To clear 
up this trouble, an settlement had been 
reached that the model need to be 
simplified, however the simplifications are 
not the identical [18], [19]. In this paper, 
we use many segments of straight traces to 
update the curves in the nose component to 
approximate the simulation. To be able to 
facilitate the calculation of the 
neighborhood electromagnetic pressure, 
every coil is divided into 30 segments, 
segments 1-12 belonged to the lower 
winding, segments 19-30 belonging to the 
upper winding, shown in Figure1b. The 
trouble is investigated with the subsequent 
assumptions: 
 
(i)Quasi-stationary time harmonic 
discipline; 
(ii) The area is solved as regular-nation; 
(iii) The modern density in an end winding 
is choppy; 
(iv)The fifteen spatial cutting-edge density 
additives are taken into consideration.
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Fig 1. Models used for simulation of end winding 
 
Three-D Mechanical Model 
The three-D mechanical model is 
composed of the stator winding quit and 
the assist systems. Normally, the cease-
windings are bundled with the glass fibers 
to hold them no longer vibrating too much. 
so one can illustrate the impact of the 
package deal, we propose an approximate 
version to do a structural analysis in 
comparison with the preliminary version 
for the restrained pc sources. As shown in 
figure 2.
 
 
Fig 2. The 3-D mechanical model of stator core 
 
RESULT AND CONCLUSION 
The consistent-state magnetic forces at the 
cease-winding of multi-phase induction 
device. The magneto-structural coupling 
field is used to analyze the deformation 
and the strain caused by the forces. The 
force is divided into the consistent factor 
and sinusoidal issue. The end result 
indicates that the force density owns the 
most price within the involute part. The 
nostril a part of the coil ends reports 
stronger deformation, even as noticeably 
big von Mises stresses seems within the 
directly part. This phenomenon must be 
taken into account for further layout 
optimizations of multi-section vehicles. 
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